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(5 7) Abstract: 

PURPOSE: To suppress sputtering of etching substance on the side wall of a resist aperture 
part, and to prevent the growth of a modified substance film consisting of a mixture by a 
method wherein the side wall of the aperture part of a resist pattern is deformed into a curved 
forward tapered shape by reflowing the resist film by heating. 

CONSTITUTION: An Si02 film 2 is deposited on a GaAs substrate 3, and a resist pattern 
7a, having an aperture 4 is formed thereon. Then, a resist 1 is heated up, and when its reflow 
is started, the upper part of the resist moves to the spreading direction on the aperture part 4 
by the action of surface tention, the size (m) of the aperture bottom part is unchanged, the 
side wall of the aperture is turned to semicylindrical curve 9, and the final resist pattern 8 is 
formed in a stable manner. As a result, the sputtering of the substrate to be etched on the side 
wall of the resist aperture part is suppressed, and the growth of the modified substance, 
consisting of a mixture, can be prevented. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the semiconductor device characterized by including the process made to deform the opening side 
attachment wall of the aforementioned resist pattern into a curve-like order taper by heated and carrying out a reflow of this resist film after 
developing the photoresist film which exposed the pattern. 

[Claim 2] To the photoresist film after the aforementioned development, it is 02. The manufacture method of a semiconductor device including 
the process made to deform the opening side attachment wall of the aforementioned resist pattern into a curve-like order taper by heated and 
carrying out a reflow of this resist film after performing plasma treatment and forming a transformation layer in this photoresist film front face 
according to claim 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is used for formation of the resist pattern for imprinting the detailed pattern especially in lithography 

technology about the manufacture method of a semiconductor device. 

[0002] 

[Description of the Prior Art] It explains taking the case of the process which uses a resist as a mask as 1st conventional example which 
imprints a detailed pattern at the insulator layer formed on the semiconductor substrate, and imprints a detailed opening pattern. 
[0003] In using a resist etc. as a mask, carrying out dry etching of the insulator layer and imprinting a pattern conventionally, the opening 
width-of-face size of a resist used as a mask has that ideal to which it is a size near a design value, and the side attachment wall has 
accomplished the taper a perpendicular and a little mostly, and the resist pattern (resist film with which the figure drawn on the resist in the 
opening slot or the figure was drawn) is used for it, and it is **********ing the target ground insulator layer. Drawing 8 and drawing 9 are the 

s>*>sxnn /-*»-»n rUmirinrf s> n <ni r n ~**-l AMn 1 «, n , -P„ «*, , «, — « „ „ ,1 -f J „J- - 1 _ J ' _ 1 . „ 1 

viuoo ovvuuiu oiiwVmg uun vvnuuuai iiiaiiuiawiuimg (Jiu^caa wiicn jjciiuiillillg iCgl&L paiLCliXUlg ttliU Ulg d. glUUllU lUSUlttlOr layer. 

[0004] drawing 8 (a) -- Ga As Si 02 formed in the substrate 3 Or Si 3N4 etc. -- on an insulator layer 2, a resist 1 is applied and it has opening 4 
It is drawing in which opening pattern (figure on which the NUKIPA turn was drawn in call opening slot) 6a of 0.1 -micrometer level was 
formed. It further overly turned minutely from submicron one. In the size level of 0.1 micrometers or less, in the present condition, an electron 
beam is used and regist patterning is performed. In this case, the opening side attachment wall of the resist pattern after development serves as a 
back taper configuration in response to the influence of a perpendicular or the back squitter of an electron beam. Next, in this drawing (b), if 
the ground layers (Si 02 film etc.) 2 are ********** e d by (CF4+02) / (CF4+H2) etc. using the resist pattern of the above-mentioned 
configuration, processing to which the side attachment wail rose steeply in the perpendicular mostly is possible. However, in this case, since the 
width of face of opening is narrow, in the usual dry etching, power matter 5a which it ********** s efficiently and scatters (spatter) will surely 
adhere to an opening side attachment wall. Therefore, it is the resist after original etching is completed 02 When it exfoliates in Usher etc., as 
shown in drawing 9 (a), the resist of the shape of a thin film, the matter with which it ********** e( | ) an d the transformation matter film 5 which 
consists of mixture of etching gas material further will remain. In addition, a sign 6 is the opening pattern imprinted by the insulator layer 2. For 
this reason, as shown in this drawing (b), the addition of the wet processing which removes the transformation matter film 5 by the ammonium 
fluoride is needed. 

[0005] on the other hand, the design of an element - general ~ the width-of-face size (it is only described as a pattern size below) of opening of 
a pattern « size - various things are intermingled Since, as for etching gas, a pattern size cannot enter easily like a narrow, an etching rate will 
become late, therefore - 0. 1 micrometers if the pattern of about 1 -micrometer variation of tolerance is intermingled an etching rate - 
differing ™ for example, -- If the amount of etching of 0. 1 -micrometer field is made into a proper value, over etching will be carried out in 
1 micrometer field. 

[0006] Next, as 2nd conventional example which imprints a detailed pattern, it is Ga As. The example which forms T type (mushroom type) 
gate pattern used by devices (HEMT etc.) is explained. Drawing 10 is the cross section showing the manufacturing process of T type gate 
pattern by the conventional bilayer resist method. It sets to this drawing (a) and is Ga As. On a substrate 3, the lower layer resist film 12 which 
has the opening pattern 15 (for example, pattern size 0.2micrometer) is formed, the upper resist film 13 of T type gate pattern crowning is 
formed by the resist which next does not have compatibility, and the gate metal 14 is deposited. Next, a resist is removed by the lift-off method, 
and as shown in this drawing (b), T type gate pattern 16 is formed. 

[0007] About the bilayer resist process method, gate length is determined with the pattern size of the opening pattern 15 formed by the lower 
layer resist film 12. Therefore, as an opening pattern 15, the precision of the width-of-face size of opening is good, and what has the still more 
nearly perpendicular resist side attachment wall of opening is desirable. 

[0008] However, when it carries out and the opening pattern 15 deposits gate metal at the following process in the above-mentioned 
configuration, it becomes easy to generate a nest in gate metal from causes, like step KAPAREJI (the covering state of the film in the detailed 
level difference section in the front face of semiconductor device thin films, such as step coverage and LSI) becomes bad. 
[0009] Next, as 3rd conventional example which imprints a detailed pattern, the formation method of T type gate pattern which makes the 
aforementioned T type gate pattern another conventional technology, and makes an insulator layer a spacer is explained. Drawing 1 1 is the 
cross section showing this manufacturing process, this drawing (a) ~ setting - Ga As Si 02 of thickness 100 nm which serves as a spacer on a 
substrate 3 - 200 nm etc. - an insulator layer 21 is deposited, the resist pattern 22 is formed on it, next dry etching of the insulator layer 21 is 
carried out, and opening 25 is formed Next, as shown in this drawing (b), the gate metal 24 is deposited, as shown in this drawing (c), a resist is 
removed by the lift-off method and T type gate pattern 26 is formed. 

[0010] The size of a contact portion with the substrate of the above-mentioned T type gate pattern is determined with the opening size of the 
opening 25 of an insulator layer 2 1 . In formation of a detailed pattern, the etching method has changed to dry etching from wet etching as a 
recent trend, therefore, Si 02 etc. -- if an insulator layer ********** s? the side attachment wall of opening is formed in the almost 
perpendicular configuration However, a spacer is the thickness about lOOnm - 200 nm, and does not become not much large [ an aspect ratio ]. 
Therefore, the step coverage when depositing gate metal is enough, and generating of a nest is not seen. 

[001 1] however, an etching of a detailed pattern sake - CF4 required for dry etching NF3 etc. - gas cannot go into opening easily, etching 
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rates with a large pattern (for example, 1 -micrometer level) differ, and it worries about the injury by over etching 
[0012] 

[Problem(s) to be Solved by the Invention] When using a resist as a mask and imprinting a detailed opening pattern to a ground insulator layer 
like the aforementioned 1 st conventional example (refer to drawing 8 and drawing 9 ), a pattern size When it turns into 0. 1 -micrometer level 
grade minutely, the ground insulator layer matter with which it ********** s carries out a spatter, and adheres to the side attachment wall of 
resist mask opening, the transformation matter film with which after resist mask removal consists of mixture remains, and excessive processing 
is needed in order to remove this, if it becomes a detailed size on the other hand - etching gas — opening -- entering - hard becoming « a 
pattern size - for example, ™ 1 micrometer and other large patterns differ from an etching rate, and there is a fear of receiving an injury. 
[0013] Moreover, the technical problem that the step coverage of resist opening is bad like the aforementioned 2nd conventional example when 
fonning T type gate pattern on a substrate by the lift-off method of a bilayer resist (refer to drawing 10 ), and a nest occurs in gate metal occurs. 

[0014] Moreover, although it loses the technical problem of a step coverage in making an insulator into a spacer and forming T type gate 
pattern on a substrate by the lift-off method like the aforementioned 3rd conventional example (refer to drawing 1 1 ), by the size of a pattern 
size, etching rates differ, a large pattern serves as over etching, and there is a fear of receiving an injury. 

[0015] It is what was made in order that this invention might solve the above-mentioned technical problem when imprinting a detailed pattern, 
the 1st purpose It presses down that the spatter of the matter with which it ********** s is carried out to the side attachment wall of resist 
opening in case an opening pattern is formed in a ground insulator layer etc. It makes it possible to prevent growth of the transformation matter 
film which consists of mixture, the 2nd purpose Etching gas is sent as much as possible also into opening of a detailed pattern. It is offering the 
manufacture method of the semiconductor device which it makes it possible to ********** a t the rate near the etching rate of a large pattern 
size, and the 3rd purpose's improves a step coverage at the time of deposition of gate metal etc., and can prevent generating of a nest. 
[0016] 

[Means for Solving the Problem] After the manufacture method of the semiconductor device concerning the claim 1 of this invention develops 
the photoresist film which exposed the pattern, it is characterized by including the process made to deform the opening side attachment wall of 
the aforementioned resist pattern into a curve-like order taper (that to which a resist side attachment wall has the tilt angle of 90 degrees or less 
in a ground layer principal plane) by heating and carrying out a reflow of this resist film. 

[0017] Moreover, the manufacture method of the semiconductor device concerning the claim 2 of this invention is 02 to the photoresist film 
after the aforementioned development. After performing plasma treatment and forming a transformation layer in this photoresist film front face, 
it is the manufacture method of a semiconductor device including the process made to deform the opening side attachment wall of the 
aforementioned resist pattern into a curve-like order taper according to claim 1 by heating and carrying out a reflow of this resist film 
[0018] 

[Function] Generally the resist after development performs a postbake, and a developer is evaporated or it is made to harden it to some extent 
by heating for the following process, however, by the manufacture method concerning the claim 1 of this invention If the postbake temperature 
of the resist pattern after development is raised to near the glass transition temperature of a resist higher than before A reflow starts and the 
rough edge of the character of the shoulder of opening is rounded off with an operation of surface tension. It moves in the direction in which it 
is roundish and the resist upper part spreads, and finally the size of a contact portion with a ground is not changed, but the opening upper part 
spreads, and an opening side attachment wall serves as a boiled-fish-paste-like order taper, and is stabilized (refer to drawing 1 (c)). 
[0019] The insulator layer matter with which it will carry out the spatter of the boiled-fish-paste-like resist pattern by etching if such an opening 
side attachment wall ********** s a ground insulator layer as for example, a mask for etching, and it adheres to an opening side attachment 
wall decreases in number sharply, the adhering transformation matter film is very thin, and it is 02 of the following process. It is completely 
removed with a resist by Usher. Moreover, in opening of such a configuration, sending of etching gas also becomes easy and the etching rate 
can make it the value near the etching rate of the opening pattern of a large size. Moreover, if the gate pattern by the lift-off method is formed 
by the resist pattern with opening of such a configuration, the step coverage in an opening shoulder will improve sharply. 
[0020] The manufacture method concerning the claim 2 of this invention is 02 to the resist pattern after development. Plasma is emitted, and 
after making it change to the matter which cannot solve the surface layer of a resist easily chemically, the same manufacture method as the 
above-mentioned claim 1 is applied. 

[0021] detailed-izing ~ progressing - a pattern size ~ for example, » If it becomes thin below at 0. 1 -micrometer level, when a reflow of the 
resist film after development will be heated and carried out, opening may be closed conversely. By the manufacture method of a claim 2, the 
transformation layer which is hard to solve into a resist front face is formed, and it prevents that opening is closed. That is, the transformation 
layer of a resist film front face carries out the operation which prevents that the resist opening side attachment wall which counters carries out 
approach contact mutually by the reflow, and plugs up opening. 
[0022] 

[Example] First, by heating and carrying out a reflow of the photoresist film after development explains the process made to deform the 
opening side attachment wall of a resist pattern into a curve-like order taper with reference to drawing 1 . This drawing (a) is Ga As. It is Si 02 
on a substrate 3. It is the cross section which deposited the film 2 (less than [ thickness 500nm ]), and formed on it resist pattern (it may be 
called opening pattern or NUKIPA turn) 7a which has opening 4. Next, if a resist 1 is heated and it raises to near the glass transition 
temperature of a resist, a reflow will start. If a reflow starts as shown in this drawing (b), it will move in the direction in which the resist upper 
part spreads in opening 4 by operation of surface tension. Sign 7b expresses the resist pattern which began to spread. Finally, as shown in this 
drawing (c), the size of a contact portion with the ground layer 2 is not changed, namely, the size m of an opening pars basilaris ossis 
occipitalis is not changed, but it is [ a side attachment wall forms the boiled-fish-paste-like curve 9, and ] stable [ size ]. A sign 8 expresses a 
final resist pattern. This configuration It can form also with a pattern size with a level of 0.1 micrometers or less. It is presumed for force, such 
as a self- weight of the surface tension of the resist which the photoresist film 1 has been [ the configuration ] near a glass transition temperature 
in the state of a reflow, the statical friction force between this resist and a ground layer (boundary tension), and a resist film, to balance. 
[0023] this invention is applied mainly to a detailed pattern imprint, and is considered that the thickness of the etched layer of a ground has an 
effect in etching of the thin film below 500 nm. 

[0024] Moreover, Ga As At elements, such as a device, especially HEMT, it is Ga As constitutionally. About dozens of nm needs to 
********** beforehand a part for the contact surface of a substrate and a gate electrode by recess etching. Since this process is needed and gate 
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formation also forms gate metal by the lift off using a resist pattern, application of this invention is desirable. 

[0025] Next, the 1st example which applied the claim 1 of this invention to the aforementioned 1st conventional example is explained with 
reference to drawing 2 and drawing 3 . it is shown in drawing 2 (a) ™ as - Ga As Si 02 deposited on the substrate 3 Or Si 3N4 etc. - insulator 
layer 2 top Resist pattern 7a of 0. 1 -micrometer level is formed. At this example, it heat-treats at . resist development back which used PMMA 
(polymethylmethacrylate), and ZEP and Nippon Zeon for the resist 1, and the temperature of 100 degree C - 150 degrees C. A resist reflow 
begins, and heat-treatment is ended when a reflow is stable. As shown in drawing 2 (b), the resist pattern 8 which the side attachment wall 
transformed into the curve-like order taper 9 is obtained. Next, it is the ground insulator layer 2 CF4+H2 and CF4+02 Using gas, as shown in 
drawing 3 (a), it ********** e d by dry etching. They are after etching and a resist 1 02 Ashing (remove a photoresist according to ashing in 
oxygen plasma) removes, as shown in drawing 3 (b). Although the resist pattern 8 had the curve-like order taper 9 in the above-mentioned 
example, in the ground thickness below 500 nm, the size conversion difference by the taper at the time of etching was not large. In addition, a 
size conversion difference is the width of face wl of opening shown in drawing 2 (a), and the width of face w2 of the opening pars basilaris 
ossis occipitalis of the ground layer 2 shown in drawing 3 (b). It is a difference. Moreover, in order that a taper might attach a little the side 
attachment wall of the opening pattern 6 imprinted by the insulator layer 2, its coverage when depositing gate metal was also good. 
[0026] in the above-mentioned example, although the opening side attachment wall of a resist pattern was made to deform into a curve-like 
order taper, a size conversion difference is also pressed down to the minimum, without the taper being imprinted by the ground film — the 
opening pattern of 0.1 micrometer level was able to be formed 

[0027] It compares with the conventional technology, it is sharply thin, and the transformation matter film which grew up to be a resist opening 
side attachment wall by the spatter is 02 further on the occasion of the dry etching of the ground insulator layer 2 shown in drawing 3 (a). Since 
sputter etching is repeated and it is efficiently removed on the resist front face one by one with this resist configuration in ashing, it is 02. It 
became possible to remove the resist which contains a transformation matter film simply by ashing. Moreover, with the conventional 
technology of a perpendicular or a back taper configuration, although the opening side attachment wall of a resist pattern had produced the 
difference in the etching rate by the size of a pattern size, it was also able to make the difference small a little by using an opening side 
attachment wall as a curve-like order taper. 

[0028] Next, the 2nd example (the lift-off method of a bilayer resist) which applied the claim 2 of this invention to the aforementioned 2nd 
conventional example is explained with reference to drawing 4 and drawing 5 . As shown in drawing 4 (a), it is Ga As about a positive resist 
41 . After using an application, a stepper, and an electron beam machine on a substrate 3 and drawing a pattern, negatives are developed and 
resist pattern 47a is formed. Next, 02 used for the usual resist ablation processing A plasma ashing device is used and it is 02 with about 
50W ] power. Flow rate 150 cc/min Processing is performed for 30 seconds, and as shown in this drawing (b), it is made the transformation 
layer 42 which cannot solve a resist surface layer easily chemically. 120 **-160 ** and 1 a part -2 a part - a grade ~ the substrate 3 was heated 
on the hot plate, a reflow of the photoresist 41 was carried out, and as shown in this drawing (c), the resist opening side attachment wall 
currently formed perpendicularly was formed in the order taper of about 60 degrees with 0 micrometer of size conversion differences at the 
base of opening [ next, ] A sign 48 expresses a lower layer resist pattern with this order taper side attachment wall 49. Next, as shown in 
drawing 5 (a), the upper resist pattern 46 of T type gate crowning is formed by the resist 43 without compatibility, and the gate metal 44 is 
deposited. As shown in this drawing (b), a resist is removed by the lift-off method and gate 44a is formed. 

[0029] Since the curve-like order taper side attachment wall 49 is made to deform the side attachment wall of resist pattern 47a of the lower 
layer resist 41 of the 2nd example of the above as shown in drawing 4 (c), the step coverage of the gate metal 44 is good, and a nest does not 
generate it. Moreover, it is mitigated sharply, the phenomenon in which the side attachment wall which counters mutually [ opening ] to the 
resist pattern formation into which the opening size turned minutely more since a reflow is carried out after considering as the transformation 
layer 42 which cannot solve the photoresist surface layer after development into this example easily contacts, and a pattern is closed can also 
form the order taper of about 60 degrees as mentioned above, and it is an opening pars-basilaris-ossis-occipitalis size in that case. It was less 
than ten percent of change. 

[0030] Next, the 3rd example (the lift-off method which makes an insulator a spacer) which applied the claim 2 of this invention to the 
aforementioned 3rd conventional example is explained with reference to drawing 6 . it is shown in this drawing (a) — as - Ga As Si 02 which 
accumulates on a substrate 3 and serves as a spacer etc. -- the 02 [ same after fonriing resist pattern 57a which consists of a positive resist 51 
on an insulator layer 52 ] as the 2nd example of the above Plasma treatment is performed and the transformation layer 54 is formed in a resist 
film front face. Next, as shown in this drawing (b), an opening side attachment wall is used as the curve-like order taper side attachment wall 59 
by heating and carrying out a reflow of the resist 5 1 . Next, as shown in this drawing (c), the opening pattern 56 of an insulator layer is formed 
by processing an insulator layer 52 by dry etching, such as RIE, and removing a resist. 

[0031] By this example, since it is a curve-like order taper side attachment wall, an etching rate becomes early and turns into an etching rate of 

a pattern with a large pattern size from the case where the side attachment wall of a resist pattern is the perpendicular former closely. That is, 

the difference of the etching rate by the size of a pattern size can be decreased. Moreover, by forming the transformation layer 54, it compares 

with the manufacture method concerning a claim 1, and a pattern size can also form a narrow pattern more, without closing opening. 

[0032] In order to make the configuration of the opening side attachment wall of a resist pattern into an order taper configuration, there is also 

the method of light exposure being insufficient and exposing so that it may become thinner than a design size (refer to drawing 7 ). 

[0033] 

[Effect of the Invention] it explained in full detail until now - as - this invention - the photoresist film after development - immediately - or 
after forming a transformation layer in a photoresist film front face, a reflow is carried out and the opening side attachment wall of a resist 
pattern is made to deform into a curve-like order taper By this invention, in case an opening pattern is formed in an insulator layer etc., for 
example, the matter with which it ********* * s it presses down that a spatter is carried out to the side attachment wall of resist opening, and it 
becomes possible to prevent growth of the transformation matter film which consists of mixture. Moreover, etching gas is sent as much as 
possible also into opening of a detailed pattern. It could ********** a t the rate near the etching rate of a large pattern size, the step coverage at 
the time of depositing gate metal etc. on a resist pattern further was able to be improved, and the manufacture method of the semiconductor 
device which can prevent generating of a nest was able to be offered. 



[Translation done.] 
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TECHNICAL FIELD 



[Industrial Application] this invention is used for formation of the resist pattern for inprinting the detailed pattern especially in lithography 
technology about the manufacture method of a semiconductor device. 
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PRIOR ART 



[Description of the Prior Art] It explains taking the case of the process which uses a resist as a mask as 1st conventional example which 
imprints a detailed pattern at the insulator layer formed on the semiconductor substrate, and imprints a detailed opening pattern. 
[0003] In using a resist etc. as a mask, carrying out dry etching of the insulator layer and imprinting a pattern conventionally, the opening 
width-of-face size of a resist used as a mask has that ideal to which it is a size near a design value, and the side attachment wall has 
accomplished the taper a perpendicular and a little mostly, and the resist pattern (resist film with which the figure drawn on the resist in the 
opening slot or the figure was drawn) is used for it, and it is **********i n g m e target ground insulator layer. Drawing 8 and drawing 9 are the 
cross sections showing the conventional manufacturing process when perfonning regist patterning and ********** m g a ground insulator layer. 
[0004] drawing 8 (a) -- Ga As Si 02 formed in the substrate 3 Or Si 3N4 etc. -- on an insulator layer 2, a resist 1 is applied and it has opening 4 
It is drawing in which opening pattern (figure on which the NUKIPA turn was drawn in call opening slot) 6a of 0.1 -micrometer level was 
formed. It further overly turned minutely from submicron one. In the size level of 0.1 micrometers or less, in the present condition, an electron 
beam is used and regist patterning is performed. In this case, the opening side attachment wall of the resist pattern after development serves as a 
back taper configuration in response to the influence of a perpendicular or the back squitter of an election beam. Next, in this drawing (b), if 
the ground layers (Si 02 film etc.) 2 are ********** e d by (CF4+02) / (CF4+H2) etc. using the resist pattern of the above-mentioned 
configuration, processing to which the side attachment wall rose steeply in the perpendicular mostly is possible. However, in this case, since the 
width of face of opening is narrow, in the usual dry etching, power matter 5a which it ********** s efficiently and scatters (spatter) will surely 
adhere to an opening side attachment wall. Therefore, it is the resist after original etching is completed 02 When it exfoliates in Usher etc., as 
shown in drawing 9 (a), the resist of the shape of a thin film, the matter with which it ********** e d s and the transformation matter film 5 which 
consists of mixture of etching gas material further will remain. In addition, a sign 6 is the opening pattern imprinted by the insulator layer 2. For 
this reason, as shown in this drawing (b), the addition of the wet processing which removes the transformation matter film 5 by the ammonium 
fluoride is needed. 

[0005] on the other hand, the design of an element ~ general -- the width-of-face size (it is only described as a pattern size below) of opening of 
a pattern ~ size ~ various things are intenriingled Since, as for etching gas, a pattern size cannot enter easily like a narrow, an etching rate will 
become late, therefore - 0.1 micrometers if the pattern of about 1 -micrometer variation of tolerance is mterrningled - an etching rate -- 
differing -- for example, - If the amount of etching of 0.1 -micrometer field is made into a proper value, over etching will be carried out in 
1 micrometer field. 

[0006] Next, as 2nd conventional example which imprints a detailed pattern, it is Ga As. The example which forms T type (mushroom type) 
gate pattern used by devices (HEMT etc.) is explained. Drawing 10 is the cross section showing the manufacturing process of T type gate 
pattern by the conventional bilayer resist method. It sets to this drawing (a) and is Ga As. On a substrate 3, the lower layer resist film 12 which 
has the opening pattern 15 (for example, pattern size 0.2micrometer) is formed, the upper resist film 13 of T type gate pattern crowning is 
formed by the resist which next does not have compatibility, and the gate metal 14 is deposited. Next, a resist is removed by the lift-off method, 
and as shown in this drawing (b), T type gate pattern 16 is formed. 

[0007] About the bilayer resist process method, gate length is determined with the pattern size of the opening pattern 15 formed by the lower 
layer resist film 12. Therefore, as an opening pattern 15, the precision of the width-of-face size of opening is good, and what has tie still more 
nearly perpendicular resist side attachment wall of opening is desirable. 

[0008] However, when it carries out and the opening pattern 15 deposits gate metal at the following process in the above-mentioned 
configuration, it becomes easy to generate a nest in gate metal from causes, like step KAPAREJI (the covering state of the film in the detailed 
level difference section in the front face of semiconductor device thin films, such as step coverage and LSI) becomes bad. 
[0009] Next, as 3rd conventional example which imprints a detailed pattern, the formation method of T type gate pattern which makes the 
aforementioned T type gate pattern another conventional technology, and makes an insulator layer a spacer is explained. Drawing 1 1 is the 
cross section showing this manufacturing process, this drawing (a) - setting ~ Ga As Si 02 of thickness 100 nm which serves as a spacer on a 
substrate 3 - 200 nm etc. - an insulator layer 21 is deposited, the resist pattern 22 is formed on it, next dry etching of the insulator layer 21 is 
carried out, and opening 25 is formed Next, as shown in this drawing (b), the gate metal 24 is deposited, as shown in this drawing (c), a resist is 
removed by the lift-off method and T type gate pattern 26 is formed. 

[0010] The size of a contact portion with the substrate of the above-mentioned T type gate pattern is determined with the opening size of the 
opening 25 of an insulator layer 21. In formation of a detailed pattern, the etching method has changed to dry etching from wet etching as a 
recent trend, therefore, Si 02 etc. « if an insulator layer ********** S) the side attachment wall of opening is formed in the almost 
perpendicular configuration However, a spacer is the thickness about lOOnm - 200 nm, and does not become not much large [ an aspect ratio ]. 
Therefore, the step coverage when depositing gate metal is enough, and generating of a nest is not seen. 

[001 1] however, an etching of a detailed pattern sake - CF4 required for dry etching NF3 etc. - gas cannot go into opening easily, etching 
rates with a large pattern (for example, 1 -micrometer level) differ, and it worries about damage by over etching 
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EFFECT OF THE INVENTION 



[Effect of the Invention] it explained in full detail until now - as ~ this invention - the photoresist film after development ~ immediately - or 
after forming a deterioration layer in a photoresist film front face, a reflow is carried out and the opening side attachment wall of a resist pattern 
is made to deform into a curve-like order taper This invention. In case an opening pattern is formed in an insulator layer etc., for example, the 
matter with which it ********* * s It presses down that a spatter is carried out to the side attachment wall of resist opening, and it becomes 
possible to prevent growth of the deterioration matter film which consists of mixture. Moreover, etching gas is sent as much as possible also 
into opening of a detailed pattern. It could ********** a t the rate near the etching rate of a large pattern size, the step coverage at the time of 
depositing gate metal etc. on a resist pattern further was able to be improved, and the manufacture method of the semiconductor device which 
can prevent generating of a nest was able to be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] When using a resist as a mask and imprinting a detailed opening pattern to a ground insulator layer 
like the aforementioned 1 st conventional example (refer to drawing 8 and drawing 9 ), a pattern size When it turns into 0. 1 -micrometer level 
grade minutely, the ground insulator layer matter with which it ********** s carries out a spatter, and adheres to the side attachment wall of 
resist mask opening, the transformation matter film with which after resist mask removal consists of mixture remains, and excessive processing 
is needed in order to remove this, if it becomes a detailed size on the other hand - etching gas « opening - entering - hard ~ becoming -- a 
pattern size - for example, - 1 micrometer and other large patterns differ from an etching rate, and there is a fear of receiving an injury. 
[0013] Moreover, the technical problem that the step coverage of resist opening is bad like the aforementioned 2nd conventional example when 
forming T type gate pattern on a substrate by the lift-off method of a bilayer resist (refer to drawing 10 ), and a nest occurs in gate metal occurs. 

[0014] Moreover, although it loses the technical problem of a step coverage in making an insulator into a spacer and forming T type gate 
pattern on a substrate by the lift-off method like the aforementioned 3rd conventional example (refer to drawing 1 1 ), by the size of a pattern 
size, etching rates differ, a large partem serves as over etching, and there is a fear of receiving an injury. 

[0015] It is what was made in order that this invention might solve the above-mentioned technical problem when imprinting a detailed pattern, 
the 1st purpose It presses down that the spatter of the matter with which it ********** s j s carried out to the side attachment wall of resist 
opening in case an opening pattern is formed in a ground insulator layer etc. It makes it possible to prevent growth of the transformation matter 
film which consists of mixture, the 2nd purpose Etching gas is sent as much as possible also into opening of a detailed pattern. It is offering the 
manufacture method of the semiconductor device which it makes it possible to ********** a t the rate near the etching rate of a large pattern 
size, and the 3rd purpose's improves a step coverage at the time of deposition of gate metal etc., and can prevent generating of a nest. 
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MEANS 



[Means for Solving the Problem] After the manufacture method of the semiconductor device concerning the claim 1 of this invention develops 
the photoresist film which exposed the pattern, it is characterized by including the process made to deform the opening side attachment wall of 
the aforementioned resist pattern into a curve-like order taper (that to which a resist side attachment wall has the tilt angle of 90 degrees or less 
in a ground layer principal plane) by heating and carrying out a reflow of this resist film. 

[0017] Moreover, the manufacture method of the semiconductor device concerning the claim 2 of this invention is 02 to the photoresist film 
after the aforementioned development. After performing plasma treatment and forming a deterioration layer in this photoresist film front face, it 
is the manufacture method of a semiconductor device including the process made to deform the opening side attachment wall of the 
aforementioned resist pattern into a curve-like order taper according to claim 1 by heating and carrying out a reflow of this resist film. 
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OPERATION 



[Function] Generally the resist after development performs a postbake, and a developer is evaporated or it is made to harden it to some extent 
by heating for the following process, however, by the manufacture method concerning the claim 1 of this invention If the postbake temperature 
of the resist pattern after development is raised to near the glass transition temperature of a resist higher than before A reflow starts and the 
rough edge of the character of the shoulder of opening is rounded off with an operation of surface tension. It moves in the direction in which it 
is roundish and the resist upper part spreads, and finally the size of a contact portion with a ground is not changed, but the opening upper part 
spreads, and an opening side attachment wall serves as a boiled-fish-paste-like order taper, and is stabilized (refer to drawing 1 (c)). 
[0019] The insulator layer matter with which it will carry out the spatter of the boiled-fish-paste-like resist pattern by etching if such an opening 
side attachment wall ********** s a ground insulator layer as for example, a mask for etching, and it adheres to an opening side attachment 
wall decreases in number sharply, the adhering transformation matter film is very thin, and it is 02 of the following process. It is completely 
removed with a resist by Usher. Moreover, in opening of such a configuration, sending of etching gas also becomes easy and the etching rate 
can make it the value near the etching rate of the opening pattern of a large size. Moreover, if the gate pattern by the lift-off method is formed 
by the resist pattern with opening of such a configuration, the step coverage in an opening shoulder will improve sharply. 
[0020] The manufacture method concerning the claim 2 of this invention is 02 to the resist pattern after development. Plasma is emitted, and 
after making it change to the matter which cannot solve the surface layer of a resist easily chemically, the same manufacture method as the 
above-mentioned claim 1 is applied. 

[0021] detailed-izing - progressing a pattern size ~ for example, -- If it becomes thin below at 0.1 -micrometer level, when a reflow of the 
resist film after development will be heated and carried out, opening may be closed conversely. By the manufacture method of a claim 2, the 
transformation layer which is hard to solve into a resist front face is formed, and it prevents that opening is closed. That is, the transformation 
layer of a resist film front face carries out the operation which prevents that the resist opening side attachment wall which counters carries out 
approach contact mutually by the reflow, and plugs up opening. 
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EXAMPLE 



[Example] First, by heating and carrying out a reflow of the photoresist film after development explains the process made to deform the 
opening side attachment wall of a resist pattern into a curve-like order taper with reference to drawing 1 . This drawing (a) is Ga As. It is Si 02 
on a substrate 3. It is the cross section which deposited the film 2 (less than [ thickness 500nm ]), and formed on it resist pattern (it may be 
called opening pattern or NUKJPA turn) 7a which has opening 4. Next, if a resist 1 is heated and it raises to near the glass transition 
temperature of a resist, a reflow will start. If a reflow starts as shown in this drawing (b), it will move in the direction in which the resist upper 
part spreads in opening 4 by operation of surface tension. Sign 7b expresses the resist pattern which began to spread. Finally, as shown in this 
drawing (c), the size of a contact portion with the ground layer 2 is not changed, namely, the size m of an opening pars basilaris ossis 
I occipitalis is not changed, but it is [ a side attachment wall forms the boiled-fish-paste-like curve 9, and ] stable [ size ]. A sign 8 expresses a 
, final resist pattern. This configuration It can form also with a pattern size with a level of 0. 1 micrometers or less. It is presumed for force, such 
! as a self- weight of the surface tension of the resist which the photoresist film 1 has been [ the configuration ] near a glass transition temperature 
1 in the state of a reflow, the statical friction force between this resist and a ground layer (boundary tension), and a resist film, to balance. 

[0023] this invention is applied mainly to a detailed pattern imprint, and is considered that the thickness of the etched layer of a ground has an 
effect in etching of the thin film below 500 nm. 

[0024] Moreover, Ga As At elements, such as a device, especially HEMT, it is Ga As constitutionally. About dozens of nm needs to 
********** beforehand a part for the contact surface of a substrate and a gate electrode by recess etching. Since this process is needed and gate 
formation also forms gate metal by the lift off using a resist pattern, application of this invention is desirable. 

[0025] Next, the 1st example which applied the claim 1 of this invention to the aforementioned 1st conventional example is explained with 
reference to drawing 2 and drawing 3 . it is shown in drawing 2 (a) - as - Ga As Si 02 deposited on the substrate 3 Or Si 3N4 etc. « insulator 
layer 2 top Resist pattern 7a of 0.1 -micrometer level is formed. At this example, it heat-treats at . resist development back which used PMMA 
(polymethylmethacrylate), and ZEP and Nippon Zeon for the resist 1, and the temperature of 100 degree C - 150 degrees C. A resist reflow 
begins, and heat-treatment is ended when a reflow is stable. As shown in drawing 2 (b), the resist pattern 8 which the side attachment wall 
transformed into the curve-like order taper 9 is obtained. Next, it is the ground insulator layer 2 CF4+H2 and CF4+02 Using gas, as shown in 
drawing 3 (a), it ********** e d by dry etching. They are after etching and a resist 1 02 Ashing (remove a photoresist according to ashing in 
oxygen plasma) removes, as shown in drawing 3 (b). Although the resist pattern 8 had the curve-like order taper 9 in the above-mentioned 
example, in the ground thickness below 500 nm, the size conversion difference by the taper at the time of etching was not large. In addition, a 
size conversion difference is the width of face wl of opening shown in drawing 2 (a), and the width of face w2 of the opening pars basilaris 
ossis occipitalis of the ground layer 2 shown in drawing 3 (b). It is a difference. Moreover, in order that a taper might attach a little the side 
attachment wall of the opening pattern 6 imprinted by the insulator layer 2, its coverage when depositing gate metal was also good. 
[0026] in the above-mentioned example, although the opening side attachment wall of a resist pattern was made to deform into a curve-like 
order taper, a size conversion difference is also pressed down to the minimum, without the taper being imprinted by the ground film - the 
opening pattern of 0.1 micrometer level was able to be formed 

[0027] It compares with the conventional technology, it is sharply thin, and the transformation matter film which grew up to be a resist opening 
j side attachment wall by the spatter is 02 further on the occasion of the dry etching of the ground insulator layer 2 shown in drawing 3 (a). Since 
j sputter etching is repeated and it is efficiently removed on the resist front face one by one with this resist configuration in ashing, it is 02. It 

became possible to remove the resist which contains a transformation matter film simply by ashing. Moreover, with the conventional 
I technology of a perpendicular or a back taper configuration, although the opening side attachment wall of a resist pattern had produced the 
I difference in the etching rate by the size of a pattern size, it was also able to make the difference small a little by using an opening side 

attachment wall as a curve-like order taper. 

[0028] Next, the 2nd example (the lift-off method of a bilayer resist) which applied the claim 2 of this invention to the aforementioned 2nd 
conventional example is explained with reference to drawing 4 and drawing 5 . As shown in drawing 4 (a), it is Ga As about a positive resist 
41. After using an application, a stepper, and an electron beam machine on a substrate 3 and drawing a pattern, negatives are developed and 
resist pattern 47a is formed. Next, 02 used for the usual resist ablation processing A plasma ashing device is used and it is 02 with about 
SOW ] power. Flow rate 150 cc/min Processing is performed for 30 seconds, and as shown in this drawing (b), it is made the transformation 
layer 42 which cannot solve a resist surface layer easily chemically. 120 **-160 ** and 1 a part -2 a part a grade ~ the substrate 3 was heated 
on the hot plate, a reflow of the photoresist 41 was carried out, and as shown in this drawing (c), the resist opening side attachment wall 
currently formed perpendicularly was formed in the order taper of about 60 degrees with 0 micrometer of size conversion differences at the 
base of opening [ next, ] A sign 48 expresses a lower layer resist pattern with this order taper side attachment wall 49. Next, as shown in 

I drawing5 (a), the upper resist pattern 46 of T type gate crowning is formed by the resist 43 without compatibility, and the gate metal 44 is 

| deposited. As shown in this drawing (b), a resist is removed by the lift-off method and gate 44a is formed. 

j [0029] Since the curve-like order taper side attachment wall 49 is made to deform the side attachment wall of resist pattern 47a of the lower 
layer resist 41 of the 2nd example of the above as shown in drawing 4 (c), the step coverage of the gate metal 44 is good, and a nest does not 
generate it. Moreover, it is mitigated sharply, the phenomenon in which the side attachment wall which counters mutually [ opening ] to the 
resist pattern formation into which the opening size turned minutely more since a reflow is carried out after considering as the transformation 
layer 42 which cannot solve the photoresist surface layer after development into this example easily contacts, and a pattern is closed can also 
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form the order taper of about 60 degrees as mentioned above, and it is an opening pars-basilaris-ossis-occipitalis size in that case. It was less 
than ten percent of change. 

[0030] Next, the 3rd example (the lift-off method which makes an insulator a spacer) which applied the claim 2 of this invention to the 
aforementioned 3rd conventional example is explained with reference to drawing 6 . it is shown in this drawing (a) — as — Ga As Si 02 which 
accumulates on a substrate 3 and serves as a spacer etc. - the 02 [ same after forming resist pattern 57a which consists of a positive resist 51 
on an insulator layer 52 ] as the 2nd example of the above Plasma treatment is performed and the transformation layer 54 is formed in a resist 
film front face. Next, as shown in this drawing (b), an opening side attachment wall is used as the curve-like order taper side attachment wall 59 
by heating and carrying out a reflow of the resist 51 . Next, as shown in this drawing (c), the opening pattern 56 of an insulator layer is formed 
by processing an insulator layer 52 by dry etching, such as RIE, and removing a resist. 

[0031] By this example, since it is a curve-like order taper side attachment wall, an etching rate becomes early and turns into an etching rate of 
a pattern with a large pattern size from the case where the side attachment wall of a resist pattern is the perpendicular former closely. That is, 
the difference of the etching rate by the size of a pattern size can be decreased. Moreover, by forming the transformation layer 54, it compares 
with the manufacture method concerning a claim 1, and a pattern size can also form a narrow pattern more, without closing opening. 
[0032] In order to make the configuration of the opening side attachment wall of a resist pattern into an order taper configuration, there is also 
the method of light exposure being insufficient and exposing so that it may become thinner than a design size (refer to drawing 7 ). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] In the manufacture method of the semiconductor device of this invention, it is the cross section showing the process which is made 
to carry out a reflow of the resist film, and deforms an opening side attachment wall into an order taper. 

[Drawing 21 It is the cross section showing the manufacturing process of the 1st example of the manufacture method of the semiconductor 
device of this invention. 

[Drawing 31 It is the cross section showing the manufacturing process following drawing 2 of the manufacture method of the semiconductor 
device of this invention. 

[Drawing 4] It is the cross section showing the manufacturing process of the 2nd example of the manufacture method of the semiconductor 
device of this invention. 

[Drawing 5] It is the cross section showing the manufacturing process following drawing 4 of the manufacture method of the semiconductor 
device of this invention. 
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device of this invention. 

[Drawing 71 It is a cross section explaining the method of others which make the opening side attachment wall of a resist opening pattern an 
order taper configuration. 

[Drawing 81 It is the cross section showing the manufacturing process of the 1st conventional example of the manufacture method of a 
semiconductor device. 

[Drawing 91 It is the cross section showing the manufacturing process following drawing 8 of the 1st conventional example. 

fDrawing 101 It is the cross section showing the manufacturing process of the 2nd conventional example of the manufacture method of a 

semiconductor device. 

[Drawing 1 11 It is the cross section showing the manufacturing process of the 3rd conventional example of the manufacture method of a 
semiconductor device. 
[Description of Notations] 

1 Photoresist 

2 Insulator Layer 

3 Ga As Substrate 

4 Opening 

5 Transformation Matter Film 

6 Opening Pattern of Insulator Layer 
7a Resist pattern 

8 Resist Pattern 

9 Curve-like Order Taper (Side Attachment Wall) 

41 Photoresist 

42 Transformation Layer 
44 Gate Metal 

44a Gate pattern 
47a Resist pattern 

49 Curve-like Order Taper (Side Attachment Wall) 

51 Photoresist 

52 Insulator Layer 

54 Transformation Layer 
57a Resist pattern 

59 Curve-like Order Taper (Side Attachment Wall) 
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(Hi imi) liZM. X^f^T 
[0015] *3fcHJKi. tKHW-^SC^f-S t £<o 

Twmm&zmnw-y*mm-&m. x- y 
<^i:**nfii:U &20BIML JW^-yomp 

Sfc:i>. T£££ftx-y*y/;!f.x£i*Dji*. 
^^-y^<7)X y f-y^- h tiSv^V- hTx «y f- 
y^-r&ifcSriirfigtL, ^3cOiW(iy-M^;^ 50 
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M±x* &mt^&<m£m£imt& ztx$> 
t. 

[0016] 

?mmm<Dm&m;\i. w-ytmtLtiKhwj 
xvmm&Lt:®.. msi?xvw& j im.Lxv7v- 
tthzb&kvmm'i?xy*9-y<mu%mm: 
wmntirr-rt- < v=jx\-$mtfrvm±miz<xi' 

zmLt^zhax-hz. 

[0017] tttmi(vmm2iz&z,*mmm<?) 
wm-xmit. mtsiMfon*hvi?xhMfc.* o 2 yy 
xwm*m\>m* y- vvx ywmit^mxm. 
it:&. mi'i''xhm&imLxv7v-zithz\tiz 
x ohei^x hw-ymnm®mmmR<?>Wr 

[00183 

[#jai mm&^isxy^ -tmnz#xv<.-9* 
mmtemtZTtrz*) . dom^n. tmz 

zmmumx-n. wmwuisxhw-ynxxvK 
—7m.zimx osv^yx hcotfyxw&m]m& 
£T±v& t . y 7n-&ihz 0 . mmskJioftmiz x 
vmn&omniifiwtti. tt*ts{fvi;xy±&i? 
&tf&iimzm>u mt*]izis.Ti&t<7>&imft(?>^ 

vtfatfOiiT-^-fcSrO. ^mcfh (01 (c) 

[0019] z.<»x o zmn&mm 1 *! v^nttcow^* 

XW^-ySr % WlKx.v*yfm-?X7tLXTt& 
ffiSK^x-yf-y^-ttH^ x-yf-y^tiO^^-y^ 

fedco«td5*«<o||Pa{-C(±. x-y^-y^x^O 
Si^fc^fcfr'). -ftox^^y^ix-Mi^v^ 
co^p^-y<ox-y i-yyv- hiz%\mt-T&z t 
^fc^Wip^rJg^WlHPSiSr^^^xh 

•rst. mn^m^izn^hXT-yy^u-^i^M 
izumztiz. 

[0020] *mi<owmm2 iz®&w&mt. mm 
fen. ±iB»««itHa<ogji^^jaffl-r5t,oT 

[0021] 8»8Mb{i<Jl^. /^-y^ta^Witf 0. 1 

MmwmTtzisKz&t. mmtowsxhrnM 



5 

x h g3PM8S# !i 7 o-K J: OSWcSSSStt LTI3 
PSteUCWifrlftitr Sfftfl £-f 6 . 
[0022] 

7o-$^&^fctc«J:0. l^xh'\**-y<0l8Pasffll 

1 Sr#l!LTgiH)ft-&. |5]0 (a) »i, Ga As g«3 
±tSi O2 JS2 (KB 50«T) £«8U *<D± 

ciBpat4Sr^rrsuxxh^-y (ggp^-ya 

7X^aS<T>fti5^r.b{f Si: 'J7n-##?*§, m 
0 ( b ) {^tJ: 3 fc. 'J 7 a-wm h twg^ 

With. fftlblt&ff'OttiibtiWJAh'W-yZm 

[0023] *%HBIis ±fc LtfifcmKr^^-^C^fc 
Kg#500 i««WT<^K«x-yf-y^tS!i*^&Sfc# 

[0 0 24] &JtGa As T^*>fX. ftfcHEMT&i; 
ffm^-Cit. «Jfi±. Ga As Sfity-h«ffi<OS/Si 

[0025] mzms& 1 fl»Mic. *»9iaift*« 1 

£3Sffl LfcSi 1 <O|tifc0ifc:oVYC02&tf03 £#SHL 
■Ca»JW6. 02 (a) t*-TJ:3fc. Ga As S«3 

±t*taLfcsi o 2 iJtJisi 3N4 m<?mm2±. 

t 0.1/xmU^W9UyXhA?-y7a£jgj£tl>. 
^SgffcMTtiL UzsX h 1 fcPMMA (xK!M?-;k** 
9*)V-h) ^ZEP • B#-fe'tfy£flHvfc. 

ioonc~i50°CfioaSTlra»j?H-tl. . l/a£* 

«ffli*»7-r*. 02 (b) toTttiatc. fas^fts 
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tlh. iKtT^SK2S:CF4 +H2 . CF4 + O2 
/fXZm^T. 03 (a) fc^jcTidt. F^Xy^- 

RftfcJ:-9B6*r*il:) t«tO. 03 (b) fcijcfj: 

UU StfB««li^-^-9t#LT^* 1 . 500 niOT 

(DTmmtii. x -y fy/^f-^-fci 
10 ®m*. ^rtJ^^aSHJi02 (a) 

iZnttmnmMvn k , 0 3 ( b ) fcjjcTFiftJl 2 <r> 
IBPJSS?<0«iw2 fctf)ire&£. ^fc«&glS2{3lS^$ 

it. 

[00 26 3 JJEHte^tC!*. 

[00 27] 03 (a) fc*1-Tffl»SK2e5K7-fx 

^y*xh«iB-Cx^.y^x.y^y^?:^OiiL. 2» 
W(cl^fe$*iTV^fe*. O2 T<yyy^cJ:0> fS* 

ifcU^'xh/'C^-ytfO^PffllS^K^T 1 - 

30 -yf-y^-ht^lJr^tTV^^ HPfflS^iatatt 

[0028] K£imm2mM£. *%m<rmm2 
^jafflL^2conjfe0i {zmufxy-nvyy*? 

ft) tOV^T04&V05^#»gLTSiBfrS. 04 
(a) fcj5-tJ:d£. ifi : JmV : JXVA l^Ga As S 

47 a ZBtffrh . ifcfcjifi^ MHeeat^a^ 

40 &O2 ry X^Tvi/yrmWimK 50WSJg^m7J 
tT, O2 SftlSO cc/iin T30^«ffil^ff^V\ ^ 

0(b) K^-idtc. Wvxh^iBB?r-ft:^«fc:fcJt 
t<^^®a4 2ttl.. 120 "C-160 t:. 1 ^i- 
-2 #ggL lHSifiLh-CS«3S:lngaL, *Mxi;xh 
4l2r»j7a-S^ R0 (c) iz^tXoiz. mmiiz 

m&zhx^tiuisxhmnimt:. ffln&w<?rt&£ 

®mu m tCT»60SOlHT-'''«- tJB^ Lfc . flrf-4 
8ii. ^<0«r-^-iaM4 9?r^fOTSU> ! xhy^ 
-yJ-^-f. <Xtc:05 (a) t^-idfc, ffljgtt^) 
50 ifi:V^>''Xh4 3(crTSy-MBaW3±SW> ? Xh>''? 
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9->4 6t:BlSLL. Y-YtttVAAZmttt. PI 

@(b) t^ridt. yyvtymzxwjxvm 

*U y-h4 4a*«tfW"4. 

X W\'?-y4 7 a^lSMa. 04 ( c ) 0 

[0030] iRtBuEm3fi!*^tc*l6HB<Oi9*«2 £ 

m 1.0*3 amm. < wi**^— -rs y 7 

(a) fcStt^atC. Ga As m%.3±.lZfmZtlX^ 

Xh5 14»6jft£l'$;xK't*-:'5 7a&Bftl,fc 20 

mS®2l£6605fcPJScoO2 T^Xv^S-fr*^ 

( b ) lZ5Kf£ o fc. Vi>X h51 "J7n- 

S5 9 KfcPlB ( c ) (c^rTJ: 3 fc. «5SK5 

2£RlE&fc'«9K7>fx«/f-y^£J:9;(na:U l^* 

xhzmn-rzzkizxr). mm<mut^-y5 6 

[00313 v&x h'^-yf^flggtfSE-c&sfie* 
n^xv.^tmvte. mttvmT-rt-mmt 30 

>^£<nrk%^?-y<nx. y i-y?i>- h iz&< Kt 

i&t&ztizx*). mmi^&h'm.-xmzYcL. n 

[0032] l^x h^-ycolgpgMSgewgtffcJI 

7—'*-BVnz-r&t:toMt. mrtmzmKz&J: 
oiz. &%m%.vmmtz>ijmi>h& (07#so . 40 

[0033] 

mmnxhwjxhmmuz. ttia^bu^xhrn 

%ffiiz3ffiMZBllLLt:1k. Vyn-intxUiSxh^ 

?-><mnmzi>. x-$ht*vxvi-y?#xzm 50 
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-ynzy- v* ^/^ifitmti^nxT y r^v 

[HBOS*&3li)|] 

[ai ] *%B*o^®«^acos5i^ti>^T, 1^- 

[02 ] J&HO^ttgSOS&H!^ 1 Hifi^^ 

SB§ie£^?#ras0-e* s . 

[03] *%HBcO^^McOiB&^ftcO0 2 k«< » 
JtIS5r^-fffiffi0-e*>S . 

[04] *l|BB<0^«^a<0SSJS*^)S 2HS60«tf> 
SStie^5ttBfB0T*)S . 

[05 ] *»fflO^«c||S<^!lJ&*^)04 

[06] *^co^S«^B«i^^)^ 3 §Ugfll<0 
SS3tie?rSttBfffi0-C* 5 . 

[073 u&xhmww-yamnaum&m?-* 

~mmz^h^(Dm^-m^wmthmmthh. 
[08] ¥©<^a«S3t*s^s 1 m&m<7mnrL 

[09] mof^^8CSKlffiXS**rtffli 

0-C&6. 

[010] ¥©MIS<OS&:fr&0)m 2 «0^CTWl!3& 

[011] ^ft^gosit^com 3 <D$£##l?)g!jS 
Xg£SrrBrE0TJ>£. 

1 tfM^'Xh 

2 tm® 

3 Ga As ffiS 

4 R]Pg? 
5 

6 tmWL<nfflW*9-> 

7 a l/y^W^-^ 

8 Uy^h^-y 

9 ffliattoiEx-^- (fflag) 

4 1 #M^Xh 

42 >$mm 
44 y-h^^p 
44a y-w-y 

4 7a 

4 9 HttDWtflT-'*- (US) 

5 1 *M/y'Xh 
52 

54 ^® 
57a 

5 9 ffltH&OKlT-^- (Ufi) 
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